Maternally localized cytoplasmic determinants play important roles in the embryogenesis of many animals, including ascidians. Cytoplasmic determinants are particularly important in the determination of cell fates, and in the establishment of the embryonic axes. Ascidians, which show mosaic development, are good models for the study of maternal cytoplasmic determinants. Here we report the isolation and characterization of HrPOPK-1 (Halocynthia roretzi posterior protein kinase-1), a putative protein serine/threonine kinase. HrPOPK-1 cDNA was obtained from a Halocynthia roretzi fertilized egg cDNA library by screening for localized RNAs using wholemount in situ hybridization. HrPOPK-1 mRNA is strongly localized at the posterior pole of embryos. The pattern of HrPOPK-1 mRNA localization during early embryogenesis is identical to that of HrWnt-5 in Halocynthia roretzi, and to those of the posterior end mark (pem) transcripts of Ciona savignyi. In addition, HrPOPK-1 shows zygotic expression in neural tissues at the tailbud stage. These results show that the temporal regulation of HrPOPK-1 transcription is complex.
Results
Early ascidian embryogenesis is characterized by mosaic development in which maternally-localized cytoplasmic determinants determine the fates of blastomeres. To investigate maternally-localized mRNAs, we performed a screen of randomly selected clones from a Halocynthia roretzi fertilized egg cDNA library for localized messages by whole-mount in situ hybridization to eight-cell embryos. In this screen, we isolated HrPOPK-1, which is strongly localized at the posterior end of the early embryos.
A cDNA which contained the entire open reading frame was sequenced. The predicted amino acid sequence showed that HrPOPK-1 has a serine/threonine kinase motif (Hanks et al., 1988; Leader, 1988) . As shown in Fig. 1 , a homology search revealed that the kinase domain is similar to those of other serine/threonine kinases, including rat 5′-AMP activated protein kinase catalytic alpha-2 chain (Carling et al., 1994) , and yeast SNF-1 protein kinase (Celenza and Carlson, 1986 ). The percent identities of HrPOPK-1 to the kinase domains of 5′-AMP activated protein kinase catalytic alpha-2 chain and of SNF-1 protein kinase are 56.4 and 54.1%, respectively. However, regions outside of the kinase domain did not exhibit significant homology with any other known proteins.
To characterize the temporal and spatial expression of HrPOPK-1, whole-mount in situ hybridization was performed on staged embryos. In unfertilized eggs the transcripts were detected in the peripheral cytoplasm, except at the animal pole ( Fig. 2A) . After fertilization, the transcripts were strongly localized at the posterior-vegetal region in the fertilized eggs after the second phase of ooplasmic segregation (Fig. 2B ). This pattern of localization continued in the two-cell (Fig. 2C) , and four-cell stage embryos (Fig. 2D) . At the eight-cell stage, the transcripts were only detected in the posterior region of the B4.1 cells, a pair of posterior-vegetal blastomeres (Fig. 2E) .
As development proceeded, the transcripts were sequestered to a narrower region of the embryo. At the 16-cell stage, HrPOPK-1 transcripts were detected only in the posterior-most pair of blastomeres, B5.2 (Fig. 2F) . At the 32-cell stage, specific hybridization was detected in the B6.3 cells (Fig. 2G) , and then in the B7.6 cells of the 64-cell embryo (Fig. 2H ). B7.6 does not divide again, so from the 64-cell to the gastrula stage, the maternal transcript was solely restricted to the B7.6 cells (Fig. 2I,J) . At the tailbud stage, the maternal transcript was detected in the posterior part of endodermal strand, which is derived from B7.6 (Fig.  2K) . The above results show that the localization pattern of this gene is identical to that of HrWnt-5 mRNA in Halocynthia roretzi (Sasakura et al., 1998) , and the posterior end mark (pem) transcripts of Ciona savignyi (Yoshida et al., 1996; Satou and Satoh, 1997) .
Starting at the gastrula stage, zygotic expression of HrPOPK-1 was detected. At the gastrula stage, zygotic signals were seen in a sub-population of the ectodermal cells (Fig. 2I) . At the tailbud stage, zygotic transcripts were detected in unidentified, small regions of the nervous system (Fig. 2K,L) .
Methods

Isolation and sequence analysis of HrPOPK-1 cDNA
A cDNA of HrPOPK-1 was isolated from a plasmid library of fertilized eggs of ascidian Halocynthia roretzi by a screening using a whole-mount in situ hybridization method (see Section 2.2). The cDNA was used as a template for sequencing by an automatic DNA sequencer (ABI PRISM 377, Perkin-Elmer Japan, Chiba). The cDNA contained the entire open reading frame.
In situ hybridization
Whole-mount specimens were hybridized in situ at 42°C using digoxigenin-labeled antisense probes, as described by Miya et al. (1994) , except that we used 5 mg/ml Proteinase K for partial digestion of embryos. After visualization of hybridization, the embryos were dehydrated and rendered transparent with a 1:2 mixture (v/v) of benzyl alcohol and benzyl benzoate. 
